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CHAPTER 1 
 
 
 
INTRODUCTION 
 
 
 
1.1 Introduction 
 
 Satellite communications systems become an important segment of the global 
telecommunication infrastructure.  This includes an integration of number of 
applications and services, which use satellites to relay radio transmissions between 
earth terminals.  These services had traditionally been available via terrestrial 
networks and radio broadcastings. 
 
 With the rapid growth of the information technology there is an increasing 
demand for broadband satellite services, which will provide reliable transmission of 
information.  Multi-media applications including data and video require large 
bandwidth and low error rates for satisfactory performance.  This demand will 
exceed the present services existence today.  Furthermore, there will be increasing 
problems of finding the required frequency spectrum to provide the bandwidth for 
broadband services, which has brought saturation to the conventional frequency 
bands allocated for satellite services, namely L (1/2 GHz), S (2/4 GHz), and C (4/6 
GHz). 
 
 New and demanding satellite applications evolved has led to utilize and 
exploit higher frequencies bands such as Ka-band (20/30 GHz) and above.  Spectrum 
at Ka-band (20/30 GHz) or higher frequencies band has great importance for 
broadband services.  This is because of its relatively unused spectrum with no 
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congestion problem, which offers much greater bandwidths, frequency reuse 
capability than the current spectrum at Ku-band (11/12 GHz), and smaller 
component sizes. 
 
 
 
1.2 Project Background and Problem Statement 
 
The use of higher and higher frequencies in telecommunication systems 
requires the investigation of the effects of troposphere on electromagnetic wave 
propagation, and particular attention must be paid to the attenuation induced by 
raindrops and other hydrometeors along the radio path (Capsoni et al, 2003). 
 
Rain affects the design of any communication or remote sensing system that 
relies on the propagation of electromagnetic waves thorough the lowest 10 km of 
Earth’s atmosphere at frequencies above 1GHz.  Communication systems may 
experience loss of signal due to the attenuation caused by rain on a radio link and 
might be temporarily unavailable for use.  The problem for system designers is the 
prediction or forecast the effects of rain on communication system located anywhere 
on or above the surface of Earth (Crane, 1996). 
 
The direct measurements approach to investigate the rain effect and its 
parameters is, in most cases, not feasible or convenient because of the cost and time 
to collect statistically meaningful data and the difficulty to extrapolate the results to 
other sites.  Therefore, nowadays, the indirect measurement technique has become 
widely used.  In this respect, there is a growing interest on radar data; the main 
reason is the ability of this instrument to detect with great spatial detail precipitation 
over a large area, in real time, and with a single installation.  Radar data can be used, 
in principle, to evaluate through simulations, propagation impairments due to 
hydrometeors for any length of ground or satellite radio paths, any kind and 
complexity of the radio system and for any frequency.  The drawback is that radar 
reflectivity (Z), which is the basic measure of the meteorological target, cannot be 
directly used; its conversion to rain intensity (or attenuation) is not unique, 
depending mostly on Drop Size Distributions (DSD).  Hence, the need of a 
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“calibration” that multi-parameter radar can carry out, in some way, using the set of 
independent measurements on the state of precipitation they perform, while single 
parameter radar cannot (Capsoni et al, 2003). 
 
The enhancement in radar reflectivity caused by melting snowflakes below 
the 0°C isotherm is known as the “bright-band”.  It is due to changes in size, fall 
speed and phase during the melting process.  If unrecognized, the bright-band can 
lead to significant overestimation of precipitation reaching the ground, sometimes by 
as much as a factor of 5 (Tan and Goddard, 1995). 
 
Although the qualitative explanation of the reflectivity enhancement causing 
the bright band has been made by Ryde (1946), still there is no consensus after more 
than 60 years on a quantitative assessment because the bright band is usually more 
intense than predicted. Earlier quantitative estimates by Austin and Bemis (1950); 
Wexler (1955); Wexler and Atlas (1956); and Lhermitte and Atlas (1963) as well as 
the models of Ekpenyong and Srivastava (1970) either confirmed this observation or 
attempted to explain the differences either through shape effects (non-sphericity of 
snowflakes and melting snowflakes, Atlas et al.(1953) or by growth of precipitation 
through condensation and aggregation at the top of the melting layer followed by 
breakup below.  This aggregation-breakup combination appeared essential in all 
cases to explain the bright band intensity and several in-situ or aircraft measurements 
were attempted to verify this claim.  However, there is still debate as to whether this 
effect is important (Stewart et al. 1984; Yokoyama et al., 1985; Willis and 
Heymsfield, 1989) or negligible (Du Toit 1967; Ohtake 1969). Recent models of 
Dissanayake and McEwan (1978), Klaassen (1988), and Hardaker et al. (1991) either 
obtain correct reflectivity enhancement or overestimate the bright band intensity by 
considering the bright band enhancement to be caused by the melting of low-density 
snowflakes alone.  
 
The lack of agreement between model results and observations is also 
exacerbated by the fact that there are no extensive measurement records of the bright 
band.  Most comparisons of models and observations are too often based on one or 
few events or even simply on the first published bright band measurement made with 
a Doppler radar (Lhermitte and Atlas, 1963).  Given the large number of factors that 
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may influence the bright band shape such as snowflake sizes and shapes, temperature 
profile, and vertical air velocity, it is not surprising to have so many, often 
contradictory, explanations of the bright band phenomenon (Fabry at el., 1994). 
 
The lack of knowledge on the detailed physics of the melting layer has some 
practical consequences in hydrology and microwave communication.  In microwave 
communication, the enhanced reflectivity of the bright band results in enhanced 
scattering and greater signal extinction.  Scattering causes interference between 
microwave links while extinction disrupts communications.  As current microwave 
frequencies are becoming crowded, new bands will have to be used and a good 
quantification of bright band effects becomes necessary to estimate the reliability of 
these new frequencies.  Knowledge of attenuation by the melting layer will also be 
crucial in order to properly estimate rainfall using short wavelength space-borne 
radars (Fabry at el., 1994). 
 
The estimated rain rate from ZH,V is undoubtedly overestimated.  It is 
necessary to correct for the effect of the bright-band on radar measurements when 
attempting to interpret estimates of rain rate from radar data.  The critical step is to 
detect the height where the melting process happens, which means the height of 
bright-band (Tan and Goddard, 1995). 
 
Finally, the bright band phenomenon is a challenge to the knowledge of 
precipitation physics and scattering theory.  The inability to explain it quantitatively 
is a proof that our understanding of these topics is incomplete and additional efforts 
must be invested to quantify the mechanisms causing the bright band. 
 
Long term measurements of the bright band will allow us to derive the 
dependence of bright band characteristics on precipitation type and intensity that 
should help to quantify the contribution of the various causes to the bright band 
signature.  Averages over long records are insensitive to the peculiarities of a given 
event, such as contamination by horizontal advection, and emphasize the 
characteristics that are persistent and related to the physics of snow melting.  
Although no upper air microphysical observations can be made over such a long 
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period, several hypotheses can be tested using the average reflectivity signature in 
and around the melting layer. 
 
Data collected in the first half of 1998 using meteorological S-band radar 
located in Kluang (Malaysia) are used to compute average profiles of radar 
reflectivity in and surrounding the melting layer in an attempt to determine its 
boundaries. 
 
From the above discussion, it is clear any obtained data about the rainfall rate 
cannot be directly interpreted.  It is rather important to predetermine the boundaries 
of the melting layer in order to conduct a valid as well as accurate estimation of the 
rain rate. 
 
 
 
1.3 Project Objective 
 
The main objective of this project is to determine the boundaries of the 
melting layer (bright band) based on the meteorological radar measurements. This 
determination includes the evaluation of the rain height (hR), zero degree Celsius 
isotherm height (h0), melting layer or bright band height (BBH) and its thickness 
(BBth). 
 
 
 
1.4 Scope of the Project 
 
The scope of this project includes: 
 
• Instrument and Location: Meteorological S-band radar belongs to the 
Meteorological Department of Malaysia, which is located in Kluang 
(Latitude=2.02°, Longitude=103.320° and height=88.1 m above MSL).  
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• Duration: The used data covers 116 days collected over the period from 2nd 
January to 18th June 1998 for 285,231 scans (1.26 GB on disk) with 15 
elevation angles of 0.5°, 1.2° 1.9°, 2.7°, 3.5°, 4.6°, 6.0°, 7.5°, 9.2°, 11.0°, 
13.0°, 16.0°, 20.0°, 25.0°, and 32.0° 
 
• Resolution Range: Two types of radar resolution ranges of 500m and 1000m 
were used interchangeably and simultaneously. 
 
•  Development of programs to sort out, filter, decode the radar data and plot 
the vertical profile of radar reflectivity from the decoded data over the radar 
ranges using MATLAB platform (version 7.04 release14). 
 
• Determination the melting layer boundaries according to the plotted profile. 
These boundaries include the rain height (hR), zero degree Celsius isotherm 
height (h0), melting layer or bright band height (BBH) and its thickness 
(BBth). 
 
 
 
1.5 Project Methodology  
 
 To carry out this project, the following methodology is designed: 
 
• Build up of the vertical reflectivity profile (VRP) based on radar data, 
which includes the following tasks: 
o Preprocessing tasks, which include sorting out and filtering the 
meteorological radar data. 
o Decoding the radar data, and calculation of its reflectivity 
intensity in decibel (dBZ) for the full range of Azimuth for all the 
15elevation angles. 
o Plot the reflectivity versus height curves. 
 
•  Determination of the boundaries of bright band according to: 
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o Curvature of reflectivity versus height curve. 
o Increasing and Decreasing of reflectivity. 
o Maximum reflectivity. 
 
• Comparison the results with ITU-R model and other models in tropical 
regions for validation 
 
 
 
1.6 Thesis Out line 
 
Chapter one concerns with the introduction of the study in hand, which starts 
with brief introduction, and continues stating the problem, the objective, the scope of 
the study and finally methods employed to achieve the goals set forth.  Chapter two, 
which is the first chapter of the literature review, presents the RADAR principles and 
characteristics, by focusing on meteorological radar, which its data is used in this 
project.  Chapter three shows the concept of the melting layer and its properties.  In 
this chapter, different procedures of detecting and determining the boundaries of the 
melting layer are explored.  Chapter four explains the execution of the project by 
driven its wheel and handle the analysis of the meteorological data.  Chapter five 
presents and discuses the findings of the analytical procedures employed.  The results 
were interpreted and compared with the ITU-R recommendations and other findings 
in the tropical region to measure the validity of the obtained results.  Chapter six 
summarizes and emphasizes the obtained results and the contribution of the study.  
This chapter also proposes the future work that can be done for more accurate 
determination of the boundaries of the bright band as well as better understanding of 
the melting process and its characteristics. 
